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Fig.3 Multiplier-accumulator test design.
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Fig.5 Core power current (a) and /O current (b) in multiplier-accumulator test of XC2S100 irradiated to different doses.
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Fig.6 Comparison of core current between the
multiplier-accumulator circuit (o) and RAM circuit (0).

BRI T N IRE AR T RHTY, SRAM B
JTCHR R SRR M 7ER T B ESTRR, (BERE
BiEE, SETHRERERE, EEESNERE
BF, SENBRGEREARR, MnEREFE
¥E O MBETESBA", FEEERIEI N
BITESEA”, BRATAEPITIT BB,
MELUE AR A91E

FPGA MRt BEZ3Es . BB . CRCRE.,
B ER, B3 FPGA WELBAEERTAR
JCE“0”, WKW, WifE INIT {55 81K; CRC KE
RU—EHHNREE B AN EREERE
A, IRBEM, FEME INIT 558K, INIT {5
SRE, MEAEHAESHE, FPGA TEEHR
B, B2, YRR HEHEMETEES AFHE,
SHESH CRC BERKMK, # FPGA FLEINAE
K3

(2)i XC2S100 HY BRI B LR, SRAM
R FPGA DB 7755 R T7 1528 A 58 FR R 3
R, MHER 7 FRARIEREE, BRIES, &
BR—sE Bt 8l FPGA WIECB itk RS bE
ASYRTEMRAE, LA IFgIas A a B TR
RERY, HIEE, MARERE BT RFH
F|PMEREEGE, SRR, XRNTHFHE
BuhLErERBRIRPLTF—-FRERST, X
HAINERIRSER,

)2, F B FUAE 0.9 KGy(SDHRTFF IRk, T
AR BN RER PR ENE K X —H R, &
B R EL R EAE XC2S100 3850 B #4510 B
WS, BECEHERAARFSHE RE RRER
R A LR AR, S, B AR R
BERFHERRGRER T —SWRNES

Start

Set the interval of rcadback
and configuration

Configure the
device with
origin data

Readback the block
RAM and configuration|
memo;

Configure the device
with inverted data

Configuration
memory and block|
RAM writc crror

Configuration
imemory and block
RAM upset

FPGA functional
failurc

7 ECEFMES RSB RBU TR

Fig.7 Test flow for radiation effects of the configuration
RAM and block RAM.

4 NG5

AL XC28100 LW, BFRT SRAM
%I FPGA 2514 550 B A0 W07 B B S 5
B, AU T EBEFESEREESAMRNRE, H#
5 HThiE s I 2 FPGA 834 B B30 M S iR
MESH, XBEERAEX T —H T SRAM & FPGA
FRIF I B B AN R RITE T R
=,

X W

1 WangJJ, KatzRB, SunJS, et al. IEEE Trans on Nucl
Sci, 1999, 46(6): 1782

2  KatzR, LaBel K, Wang J J, et al. IEEE Trans on Nucl Sci,
1997, 44(6): 1945

3  Lum G K, May R J, Robinette L E. IEEE Trans on Nucl
Sci, 1994, 41(6): 2487

4  Gingrich D M, Buchanan N J, Chen L, et al. Radiation
Effects Data Workshop, 2002: 41

5 Clark S L, Avery K, Parker R. TID and SEE testing results
of Altera Cyclone field programmable gate array.
Radiation Effects Data Workshop, 2004: 88

6  MacQueen D M, Gingrich D M, Buchanan N J, ef al.
Total ionizing dose effects in a SRAM-based FPGA.
Radiation Effects Data Workshop, 1999: 24

7  Chumakov A I, Yanenko AV. IEEE Trans on Nucl Sci,
1996, 43(6): 3109 .



H12H PhsZ. SRAM & FPGA 7| B S IeBfst 939

8 HashG L, Schwank J R, Shaneyfelt M R. Transient and Effects Data Workshop, 1994: 11
Total Dose Irradiation of BESOI 4K SRAM. Radiation

An experimental study on total dose effects in SRAM-based FPGAs

YAO Zhibin HE Baoping ZHANG Fengqi GUO Hongxia LUO Yinhong
WANG Yuanming ZHANG Keying
(Northwest Institute of Nuclear Technology, Xi’an 710613, China)

Abstract In order to study testing methods and find sensitive parameters in total dose effects on SRAM-based
FPGA, XC25100 chips were irradiated by *Co y-rays and tested with two test circuit designs. By analyzing the
experimental results, the test flow of configuration RAM and bock RAM was given, and the most sensitive parameter
was obtained. The results will be a solid foundation for establishing test specification and evaluation methods of total
dose effects on SRAM-based FPGAs.
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